The form factors of the rare Λ b → nl + l − decays are calculated in the framework of the relativistic quark-diquark picture of baryons with the consistent account of the relativistic effects. Their momentum transfer squared dependence is determined explicitly in the whole accessible kinematical range. The decay branching fractions, forward-backward asymmetries and the fractions of longitudinally polarized dileptons are determined. The branching fraction of the rare Λ b → nµ + µ − decay are found to be Br(Λ b → nµ + µ − ) = (3.75 ± 0.38) × 10 −8 and thus could be measured at the LHC. Prediction for the branching fraction of the rare radiative Λ b → nγ decay is also given.
Recently significant experimental progress has been achieved in studying the rare decays of the Λ b baryon. In 2011 the CDF Collaboration [1] reported the first observation of the rare Λ b → Λµ + µ − decay. Then the LHCb Collaboration performed detailed angular analysis [2] of this decay which allowed to extract not only the total branching fraction but also different decay distributions and asymmetries in several momentum transfer squared bins. This year the LHCb Collaboration observed for the first time the suppressed decay Λ 0 b → pπ − µ + µ − , where the muons do not originate from charmonium resonances [3] . In addition contributions from the Λ b → Λ(→ pπ − )µ + µ − decays were removed by requiring m pπ − > 1.12 GeV. Such decays are mediated by the b → d transition and thus are highly suppressed in the standard model. The measured branching fraction of this decay is of order of 10 −8 . This observation indicates that other similar rare decays, such as Λ b → nµ + µ − , can be observed in the near future.
In the recent paper [4] we considered the rare Λ b → Λl + l − decays in the relativistic quark-diquark picture of baryons [5, 6] . The analytic expressions for the decay form factors as the overlap integrals of the initial and final baryon wave functions were obtained. All relativistic effects including transformations of the baryon wave functions from rest to the moving reference frame and contributions of intermediate negative energy states were taken into account. This allowed us to explicitly determine the momentum transfer squared q 2 dependence of the decay form factors in the whole kinematical range without additional assumptions and extrapolations, thus increasing reliability of the obtained predictions. On this basis various Λ b → Λl + l − decay observables were calculated and were found to be consistent with detailed measurements of the LHCb Collaboration [2] . In this paper we extend this analysis to the consideration of the suppressed rare Λ b → nl + l − and Λ b → nγ decays.
The matrix elements of the flavour changing neutral current governing the b → d transition between baryon states is usually parametrized by the following set of the invariant form factors [7] n(p 
where
are the Dirac spinors of the initial Λ b and final n baryon. Using the relativistic quark-diquark picture of baryons with the QCD-motivated interquark potential we obtained expressions for these form factors as the overlap integrals of the baryon wave functions. They are given in the Appendix of Ref. [4] . Substituting in these expressions the wave functions obtained while considering the baryon spectroscopy [5] we calculate the form factors in the whole accessible kinematical range.
We found that the numerically calculated form factors can be approximated with high accuracy by the following analytic expression
where the variable
The pole masses have the values:
The fitted values of the parameters a 0 , a 1 , a 2 as well as the values of form factors at maximum q 2 = 0 and zero recoil q 2 = q 2 max are given in Table I . The difference of the fitted form factors from the calculated ones does not exceed 0.5%. Our model form factors are plotted in Fig. 1 . Now we can use the obtained form factors for the calculation of the rare Λ b → nl + l − decay observables. The effective Hamiltonian for the b → dl + l − transitions, taking into account the unitarity of the Cabibbo-Kobayashi-Maskawa (CKM) matrix takes [8] the following form 
where the values of the Wilson coefficients c i and of the effective Wilson coefficient c (3c 1 + c 2 )
Here
, the coefficient c 0 = 3c 1 + c 2 + 3c 3 + c 4 + 3c 5 + c 6 and
The function , where the long-distance contributions now come from ρ and ω states. The differential decay distribution is given by
where θ is the angle between the Λ b baryon and the positively charged lepton in the dilepton rest frame,
is the forward-backward asymmetry and F L (q 2 ) is the fraction of longitudinally polarized dileptons. The explicit expressions for the differential branching fractions and asymmetries in terms of the form factors are given in Ref. [4] . Note that the rare decays Λ b → nl + l − are additionally suppressed by the ratio of the CKM matrix elements (|V td |/|V ts |) 2 with respect to the Λ b → Λl + l − decays. Substituting in these expressions the calculated form factors we get predictions for the differential decay branching fractions, forward-backward asymmetries A F B (q 2 ) and the fractions of longitudinally polarized dileptons F L (q 2 ). They are plotted in Figs. 2-4 for the Λ b → nµ + µ − and Λ b → nτ + τ − rare decays. By solid and dashed lines we plot theoretical results obtained without and with inclusion of the long-distance contributions to the Wilson coefficient c eff 9 . The values of the total branching fractions and averaged forward-backward asymmetries A F B (q 2 ) and fractions of longitudinally polarized dileptons F L (q 2 ) are given in Table II . The branching fractions were calculated without inclusion of the hadron resonance contributions, while A F B (q 2 ) and F L (q 2 ) are presented both without (nonres.) and with (res.) their inclusion. We estimate the theoretical errors of our predictions, which emerge from the uncertainties in the calculation of the decay form factors, to be about 10%. Using calculated values of the rare decay form factors we can also predict the exclusive rare radiative Λ b → nγ decay rate. It is expressed in terms of the decay form factors by
Substituting their calculated values we get the prediction for the branching fraction In this paper we calculated the form factors of the rare b → d transitions between baryon states in the relativistic quark-diquark picture of baryons. These form factors were explicitly determined in the whole accessible kinimatical range without extrapolations with the account of the relativistic effects including wave function transformations from rest to the moving reference frame and intermediate contributions of the negative energy states. On this basis predictions for the branching fractions of the rare semileptonic Λ b → nl + l − and rare radiative Λ b → nγ decays were obtained. The rare semileptonic branching fractions were found to be of order of 10 −8 , while the rare radiative decay is predicted to have branching fraction of order of 10 −7 . Thus the CKM suppressed rare baryon decays governed by the b → d transition could be accessible for observation at LHC by the LHCb Collaboration. The predictions for the averaged values of the forward-backward asymmetry A F B (q 2 ) and the fractions of longitudinally polarized dileptons F L (q 2 ) are also given.
